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Power Semiconductor Module 

Cross Reference to Related Application 

[0001] This application is a continuation of copending International 

Application No. PCT/EP02/09457 filed August 23, 2002 which designates the United 
States, and claims priority to German application no. 101 42 971.1 filed September 1, 
2001. 

Technical Field of the Invention 

[0002] The present invention relates to a power semiconductor module having 

a plurality of semiconductor components situated on a substrate. 

Description of the Related Art 

[0003] Modules of this type are disclosed for example in DE 39 06 690 Al, 

DE 199 42 915 A1,DE 197 07 514A1 and JP 2001 1 18987. 

[0004] In the case of a power semiconductor module revealed in DE 199 42 

915 Al for example, a plurality of power semiconductors are arranged closely 
adjacent in a row on the top side of an insulating and thermally conductive carrier 
(substrate). Said power semiconductors are electrically connected by means of contact 
areas via metallic conductor tracks formed on the same top side, and can be driven in 
this way. 

[0005] The likewise metallic, for example copper-coated, underside of the 

substrate is pressed onto a heat sink by means of electrically conductive pressure 
pieces. The power losses occurring in the form of heat during operation of the power 
semiconductor module are dissipated by these means. In order to ensure an effective 
dissipation of heat or a low heat transfer resistance and thus a safe and reliable 
operation of the power semiconductor module, the heat sink must bear against the 
underside of the substrate in planar fashion and without any gaps. 
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[0006] What are problematic in this case are the mechanical stresses in the 

module brought about by different thermal expansion coefficients and low bending 
stiffness of the various module components (e.g. of substrate and semiconductor 
material). Internal stresses may also result from the high-temperature production 
process of a power semiconductor module and be additionally intensified by 
subsequent soldering steps. 

[0007] Mechanical stresses and/or the low bending stiffness may in this case 

lead to undesirable deformations or flexures at the underside of the substrate or 
module. A uniformly planar contact area is then no longer ensured since the heat 
transfer between cooling element and cooling is impaired by the air gaps and 
interspaces which arise on account of the deformations. The aforementioned effects 
cannot be compensated for particularly where the substrate is not pressed directly, or 
is pressed only inadequately, onto the heat sink, such as, for example, in the case of 
edge fixing in the module center, since the flexure (curvature) is greatest there. The 
effect is manifested to a greater extent, moreover, the larger the module. The size of 
the module in turn increases with the power. 

[0008] In order to solve this problem area, it is conceivable to provide an 

additional metal part - e.g. a copper plate - as baseplate to which the underside of the 
substrate is fixedly connected, e.g. soldered. Existing form deviations would then be 
compensated for by the intervening layer of solder. The baseplate would then be 
connected to the heat sink by its underside and serves both for a uniform distribution 
of heat (as so-called heat spreader) and for taking up mechanical stresses. 

[0009] However, by virtue of the additional baseplate and the mounting 

thereof, this construction increases the overall costs of a power semiconductor module 
configured in this way. 
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Summary of the Invention 

[0010] Therefore, the present invention is based on the object of providing a 

power semiconductor module which can be produced cost-effectively with a 
satisfactory thermal contact with a cooling element, and which manages without an 
additional baseplate. 

[001 1] In the case of a power semiconductor module of the type mentioned in 

the introduction, this object is achieved according to the invention by virtue of the fact 
that the substrate has a plurality of substrate regions, and that one or a plurality of 
connecting regions are situated between substrate regions, via which connecting 
regions the substrate regions are connected such that they can move relative to one 
another. 

[0012] One essential aspect of the present invention is that the arrangement of 

the semiconductor components and, if appropriate, of further components is not 
effected on a single, integral substrate, but rather is distributed between a plurality of 
substrate regions (partial substrates). As a result, each individual partial substrate can 
be better pressed against the cooling area and thus be better cooled. 

[0013] Furthermore, although each individual partial substrate like-wise 

experiences a deformation on account of the previously described temperature-dictated 
stresses and thermal effects, said deformation is significantly smaller than the 
deformation of a single overall substrate of corresponding area would be. In other 
words: the in some cases unavoidable deformation is divided between a plurality of 
partial substrates and thus correspondingly between smaller partial deformations 
whose absolute deformation maxima is significantly smaller. 

[0014] Substrates become more sensitive to fracture and damage as their size 

increases. Therefore, one advantage of the invention consists, moreover, in the fact 
that the power semiconductor module according to the invention with its plurality of 



HOU03:954512.2 



4 



074313.0105 
EUP041US 



PATENT 



individual substrate regions is significantly more robust mechanically. This 
advantageously increases the yield in the manufacturing and mounting process. 

[0015] A further advantage of the present invention consists in the fact that the 

individual substrate regions populated with semiconductor components can be 
individually tested in advance and be replaced in the event of a defect. The rejects in 
respect of finished modules can thus be minimized in a cost-effective manner. 

[0016] This is accompanied by a further increase in the yield, because in the 

event of defective substrate regions, the entire substrate material associated with a 
power semiconductor module, if appropriate with the components already mounted, 
need not necessarily be rejected. 

[0017] A further essential aspect of the invention is to be seen in the fact that 

the substrate regions are connected such that they can move relative to one another via 
one or a plurality of connecting regions. The respective connecting region has a higher 
mechanical deformability (elasticity) than the substrate usually has. Thus, as it were 
hinges or articulated regions are formed between the substrate regions. The connecting 
regions prevent the substrate regions from having a reciprocal mechanical influence in 
the adjoining substrate regions. 

[0018] Furthermore, at each connecting region there is the possibility of 

performing a correction in the orientation of the individual substrate regions in such a 
way that the deformation is minimized and, consequently, a planar contact area of the 
power semiconductor module is formed, which provides an optimized heat transfer to 
a heat sink to be connected. 

[0019] According to the invention, the power semiconductor module 

additionally has a housing, which, in the region between the substrate regions, has 
action points for a mechanical pressure application of the connecting regions, the 
housing applying pressure to the individual substrate regions. 
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[0020] The action points for a mechanical pressure application of the 

connecting regions, in particular, ensures a particularly good heat conduction to a 
cooling element to be connected to the mounting area (underside) of the power 
semiconductor module. 

[0021] In this case, the action points may be e.g. depressions in the housing 

which enable external mechanical pressure means (e.g. tensioning bolts) to reach 
through toward the substrate plane. However, it is also possible to provide, within the 
housing, pressure webs which forward pressure forces acting externally on the housing 
to the action points. 

[0022] Furthermore, according to the invention, the housing is embodied .in 

resilient fashion in particular in the portions between the action points for a 
mechanical pressure application. This ensures a contact pressure in each case 
individually on each partial substrate, the individual partial substrates being 
mechanically separated by the action points (e.g. by screws, clips, rivets, etc.). The 
action points themselves do not directly exert pressure on the partial substrate. 

[0023] An advantageous development of the semiconductor module according 

to the invention provides for the connecting regions to be formed by recesses in the 
material of the substrate. This represents, in terms of manufacturing technology, a 
particularly simple possibility for providing connecting regions with increased 
mobility or deformability. The recesses may be formed for example as a perforation. 

[0024] In terms of manufacturing technology, it is particularly preferred for the 

material recesses to be slotted. 

[0025] Preferably, the substrate may be composed of ceramic. This permits an 

outstanding electrical insulation of the semiconductor components and electrical 
connections mounted on said substrate together with good heat dissipation via the 
ceramic to the heat sink. In this case, a thermally conductive paste may be introduced 
between substrate and heat sink. 
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[0026] Furthermore, it is advantageous if the housing, at least in the regions of 

the substrate regions, is such that it acts on the substrate regions with a spring force. 
As a result, a pressure is exerted individually on each partial substrate. 

Brief Description of the Drawings 

[0027] Exemplary embodiments of the invention are explained in more detail 

below with reference to a drawing; in the figures, diagrammatically: 

[0028] Figure 1 shows a first exemplary embodiment of a power semi- 

conductor module according to the invention in cross section, 

[0029] Figure 2 shows the substrate of the power semiconductor module from 

figure 1 in plan view, 

[0030] Figure 3 shows a second exemplary embodiment of a power 

semiconductor module according to the invention in cross section, and 

[0031] Figure 4 shows the substrate of the power semiconductor module from 

figure 2 in plan view. 

Detailed Description of the Preferred Embodiments 

[0032] The power semiconductor module 1 shown in figure 1 comprises a 

ceramic substrate (carrier element) 2, which is segmented into a plurality of substrate 
regions (partial substrates) 3, 4 and 5 and has as it were three segments S (figure 2). 
Arranged on the substrate regions 3, 4 and 5 are semiconductor components 6, 7 and 
8, which are all constituent parts of the overall module 1. The semiconductor 
components are contact-connected via indicated bonding wires to conductor tracks 
(not specifically illustrated) which are formed on the respective surface 12, 13, 14 of 
the partial substrates. The conductor tracks of different partial substrates may be 
electrically connected to one another via bonding wires. The conductor tracks lead to 
contact pins (connection pins, 16, 17, 18 for the external connection of the power 
semiconductor module. The semiconductor components 6, 7 and 8 may be power 

HOU03:954512.2 7 



074313.0105 
EUP041US 



PATENT 



semiconductors which develop high power losses converted into heat and therefore 
require an effective dissipation of heat. 

[0033] The semiconductor module furthermore comprises a resilient, i.e. a 

correspondingly elastic, module housing 20 produced in the plastics injection-molding 
method. The rear sides 22, 23, 24 of the partial substrates 3, 4, 5 form partial areas of 
the module underside 25, which is made as planar as possible for thermal contact with 
a heat sink 28 and to which with a thermally conductive paste, for example, is applied. 
The use of a plurality of partial substrates serves for realizing the planar embodiment. 
If just a single substrate were used, on which all the semiconductor components would 
have to be arranged and which accordingly would have to have the total mounting area 
of all the partial substrates, on the one hand internal mechanical stresses resulting from 
instances of thermal loading already manifested in the production process would have 
considerable influence and, on the other hand satisfactory thermal contact would not 
be obtained and the cooling of the substrate would therefore not be ensured. 

[0034] In the case of the semiconductor module according to the invention, 

said stresses lead only to small deformations, because they are distributed between a 
plurality of partial substrates and in each case only have comparatively little influence 
owing to the smaller absolute extent of the individual partial substrate. 

[0035] Besides the substrate regions 3, 4, and 5 the substrate 2 has connecting 

regions 30 and 31 formed between the substrate regions (also cf. figure 2). The 
substrate regions 3 and 4 are connected such that they can move relative to one 
another e.g. via the connecting region 30. The connecting region 30 functions as it 
were as an articulated joint or hinge, so that the substrate regions 3 and 4 can also be 
oriented with respect to one another to form an angle other than 1800 (correction 
angle). By way of example, this prevents a deformation of the substrate region 3 from 
continuing into the substrate region 4. By way of example, if the substrate region 3 is 
tilted through an angle a (illustrated in greatly enlarged and exaggerated fashion in 
figure 1) with respect to the horizontal H due to deformations on account of thermally 
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induced stresses, it is possible, by correspondingly tilting the substrate region 4 in the 
opposite sense, to avoid a propagation of said angle a into the substrate region 4 and 
even to compensate for the tilting by means of an equal and opposite tilting. A module 
underside 25 which is free to the greatest possible extent from deformations 
manifested on account of thermally induced stresses is thus provided as contact area of 
the power semiconductor module. 

[0036] According to figure 2, by way of example, the connecting regions 30 

and 31 are formed by slots 33, 34 introduced into the material of the initial substrate. 
However, other geometrical forms and configurations of the connecting regions are 
also conceivable, which in the same way effect an increased flexibility of the 
connecting regions with respect to the initial substrate. 

[0037] The housing 20 has access regions 35, 36, through which, e.g. by 

means of external clips or screw connections, mechanical pressure (symbolized by 
arrows p) can be exerted directly on the connecting regions 30, 31 in order to press the 
substrate altogether homogeneously onto the heat sink 28. Further mechanical contact 
pressure may be applied, as indicated by further arrows P, at contact-pressure points 
AP in the edge regions of the power semiconductor module. 

[0038] Figure 3 diagrammatically shows a variant of a power semiconductor 

module 101 according to the invention in cross section. Accordingly, a plurality of 
populated substrate regions (partial substrates) 103, 104, 105, which have already been 
described extensively in figure 1, form segments S of a substrate 102 (see figure 4). 
The conductor tracks of different partial substrates may be electrically connected to 
one another via bonding wires 108, 109. Here, too, the undersides of the substrate 
regions form partial areas of the module underside 125, which is made planar for 
thermal contact with a heat sink 128. 

[0039] According to figure 4, connecting regions 130 and 131 are formed by 

slots 133, 134 introduced into the material of the initial substrate. A resilient housing 
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120 has access regions 135, 136 on its top side 140. Mechanical pressure (indicated by 
arrows P) applied to said access regions 135, 136 e.g. through external clips or screw 
connections is transmitted to the connecting regions 130, 131 by housing-internal 
plungers or vertical bridges 150, 151. As a result, the substrate 101 is pressed onto the 
heat sink 128 altogether in a highly homogeneous manner. Further mechanical contact 
pressure may be applied, as indicated by further arrows P, at contact-pressure points 
AP in the edge regions of the power semiconductor module. 

[0040] A particularly advantageous effect is thus achieved by virtue of the fact 

that a contact pressure is exerted by the housing in each case individually on each 
partial substrate, the action points and the individual partial substrates being 
mechanically separated from one another. The action points themselves thus do not 
exert a direct pressure on the partial substrates. 
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